In-hospital cardiac arrest
Max Harry Weil, MD, PhD; Michael Fries, MD M odern cardiopulmonary resuscitation (CPR) is based on two major principles, namely closed-chest cardiac massage to restore threshold blood flows, especially to the heart and the brain, and artificial ventilation through an unobstructed airway to maintain vital gas exchange. Both techniques were pioneered in the 1950s. Breathing was pioneered by Safar (1) and chest compression by Kouwenhoven (2) and their coworkers. Since then, our knowledge of the pathophysiology of cardiac arrest and resuscitation has greatly expanded based on both experimental and clinical research. Workers in the field have become increasingly aware of the very small time window between onset of cardiac arrest and irreversibility of cellular injury and especially so in the heart and brain. Accordingly, the American Heart Association has highlighted the "chain of survival" to guide the priority of interventions for basic life support. The usefulness of the chain of survival concept is now supported by persuasive evidence of earlier and more appropriately sequenced interventions with greater survival, including early arrival of professional rescuers, early CPR, and early defibrillation (3) (4) (5) .
Professional rescuers in hospitals are now provided with an expanded resource of therapeutic options, both devices and drugs. Nevertheless, these again have not objectively improved overall survival rates (6 -9) . The expectations of the lay public are otherwise. Electronic media and especially current "emergency room" television dramas on comprehensively monitored simulated victims persuade the onlooker that CPR is almost inevitably life restoring and therefore there is expectation of successful outcomes (10, 11) . To the contrary, in-hospital cardiac arrest (IHCA) at the end stage of disease and especially in nonmonitored patients in conventional medical/surgical units has a low probability of survival. Given this discrepancy on the one hand and the commitment of large human and material resources, we examined the options of staffing and facilities by which survival from in-hospital cardiac arrest may be further improved.
SURVIVAL AFTER IN-HOSPITAL CARDIAC ARREST
In 1987, McGrath (12) reviewed the literature after more than a quarter century of in-hospital CPR. Based on a total of almost 13,000 patients, McGrath (12) found no evidence that survival had increased over that interval. The overall survival rate remained at approximately 14%. Surprisingly, more advanced methods and instrumentation including automated rhythm analyses did little to improve outcomes, the proven value of electrical defibrillation not withstanding. There may have been some improvement in postresuscitation survival in the years that followed (13) (14) (15) . However, the extent to which this represented liberalized definitions of cardiac arrest under the umbrella of respiratory arrest, more uniform documentation and reporting, and more restrictive in-hospital CPR intervention with expanded numbers of "do not attempt resuscitation" (DNAR) orders is not apparent. The desirability of more uniform reporting by a diversity of institutions was recognized and implemented by the consensus that brought forth the Utstein template (16, 17) . In the year 2000, the American Heart Association launched a large-scale registry of IHCA, the national registry of CPR (NRCPR 
INCIDENCE OF VENTRICULAR FIBRILLATION
We anticipated that not unlike out-ofhospital cardiac arrest, ventricular fibrillation (VF) would be the predominant initial rhythm. Yet the NRCPR found that VF is the initial rhythm in only 25% of documented cardiac arrests (18). This contrasts with a higher incidence of outof-hospital VF. For reasons that are not as yet apparent, however, there is also a declining incidence in VF in the out-ofhospital setting (22). Since a diversity of patients with a higher proportion of noncardiac patients were included in the NRCPR, the likelihood is that noncardiac patients at the end stage of disease are more likely to present with apnea followed by bradycardia, pulseless electrical activity, or asystole. This especially applies to circulatory shock states and terminal respiratory failure. Changes in pharmacologic management of arrhythmias and the impact of implantable pacemakers and defibrillators have also been cited as a potential explanation for decreases in the incidence of VF in out-ofhospital populations (22), and we suspect that these interventions also play a role in the lower incidence of VF in IHCA cardiac arrests.
DETERMINANTS OF OUTCOMES
Age, rhythm, concurrent heart and blood vessel diseases and their complications, hospital location, and whether the patient is monitored together with noncardiac underlying disease states and their complications and especially neurologic, respiratory, and renal impairment negatively affect outcomes of in-hospital cardiac arrest. Most important, survival is contingent on whether cardiac arrest is witnessed and the time of day at which the event occurs (18 -21, 23-27). Nevertheless, controversy remains as to whether the age of the patient, the nonintensive care unit location, and the presence of neoplastic disease are individual predictors of poor outcomes (28 -30) .
In the absence of a DNAR directive and without prior knowledge of underlying mechanism, the professional provider who responds to the "cardiac arrest" call is first confronted by the decision of whether CPR is appropriate for that individual or whether there is a clear mandate to withhold CPR. In the United States, the policy is to start CPR unless it is specifically documented that such violates the patient's wishes or those of surrogates who mandate otherwise. DNAR orders are also a source of confusion and often controversy among professional providers, who confront both legal and ethical dilemmas in implementing such orders (31) . In a retrospective review of Ͼ1,000 instances in which resuscitation efforts were withheld, the majority of such patients had been designated DNAR. As anticipated, these patients were significantly older or in poor overall physical health (32) . Yet, there is no consensus that decisions on proceeding with CPR should be based either on age or solely on a DNAR order. In the absence of a DNAR order, the ultimate decision would still defer to reasonable medical judgment. There should be valid indications for this medical intervention (33) . The personal wishes of the individual patient who makes an informed decision before requiring life support interventions must be respected and appropriately updated (34) . Yet to attempt resuscitation on a brain-dead patient or when death is an expected terminal event of a noncurable disease fails to meet the test of valid medical indication (35) .
EARLY DEFIBRILLATION IN HOSPITALS
The value of early defibrillation of shockable rhythms in the out-of-hospital setting is beyond dispute. Its life-saving value in the hands of first responders is well documented (4, 36) . The Public Access Defibrillation Study, in which minimally trained, volunteer rescuers provided for early defibrillation with automated external defibrillators (AEDs) (5, 37) in the out-of-hospital setting, was associated with more favorable outcomes. There is also some optimism that such may have application to in-hospital practice. In the United States, hospitals have typically organized CPR teams of trained professionals who respond to hospitalwide calls for resuscitation (18). However, even these expert professional teams who are provided with appropriate mobile resuscitation equipment and supplies have not measurably affected survival rates from in-hospital cardiac arrest. Nevertheless, there is great variability in the professional training, experience, and capability of the rescuers. Even more important, the response time of the team members and their access to equipment and supplies often account for substantial delay. This has provided incentive on the part of the local ward staff to initiate CPR before arrival of the team, including the use of AEDs. AEDs are assumed to be a special asset for infrequent first responders who may not be competent in electrocardiogram rhythm interpretation or defibrillator settings, who are then provided with capability to perform defibrillation, guided by voice prompts of the AEDs. As late as 10 yrs ago, in Europe, only 20% of hospitals had formal teams that responded to hospital-wide codes (38) , and in the absence or in case of delayed arrival of such teams, health care providers including physicians who have theoretical but little practical knowledge of both CPR and electrical defibrillation may therefore be empowered by AEDguided CPR (31, 39, 40) .
QUALIFICATIONS OF IN-HOSPITAL RESCUERS
Physicians from acute care specialties including anesthesiology (41) often have rather little knowledge and experience in recognizing and treating cardiac arrest outside of the operating room (42) (43) (44) (45) (46) (47) . Nursing staffs on general medical surgical services in contrast to specialist nurses serving in acute care units in which patients are continuously monitored have a special burden. They may be the first to respond but are the least prepared in comparison with well-trained critical care unit and emergency department nurses. Nonspecialized nursing personnel cannot as a rule expeditiously perform the complex tasks of CPR, even in mock scenarios on a manikin (47) . Accordingly, effective CPR is rarely begun before the arrival of experienced providers in the in-hospital setting (48, 49) . Finally, it is the frequency of use that determines performance. A majority of occasional providers have poor retention of CPR skills, including physicians, a reality that is no different from that documented for volunteer, nonprofessional rescuers (46, 50) . This is a reality even though only minimal AED training is required. According to Beckers et al. (51) , only 15 mins are required to acquire skills to effectively operate an AED.
GUIDELINES FOR ADVANCED LIFE SUPPORT
A closely related issue already cited is that professional emergency physician teams in a teaching hospital setting typically do not abide by protocols of published international guidelines; equally important, there is inconsistent performance (52, 53) . Admittedly the guidelines are largely a consensus based on limited data and subject to changes. Yet, guidelines are presented with the anticipation that they represent a consensus of the best medical opinion at the time of their publication. Nevertheless, the interventions mandated by the guidelines also allow that the professional judgment of the individual physician takes precedence. For instance, Aufderheide and coworkers (54, 55) pinpointed the adverse effects of hyperventilation by professional rescuers when they complied with the guidelines. It is now apparent that there is a need for simplification of interventions especially for occasional rescuers together with preparedness to modify procedures at intervals between publication of international guidelines as more objective data become available. We anticipate that expansion of voice prompts such as those presently incorporated in AEDs will represent a major asset. More precise prompts will require that noninvasive cardiopulmonary measurements are substantially expanded including electrocardiographic predictors of successful defibrillation (56) . Such improvements are also likely to be responsive to the search for consistency in performance and the prompts that represent quality controls that are likely to further improve performance.
AUTOMATED DEFIBRILLATION
Until early AED defibrillation programs in moderate-sized hospitals are shown to improve hospital survival, such cannot be widely recommended (57) . Nevertheless, we favor newer and more efficient biphasic waveform defibrillators, although such impose new health care costs. Biphasic waveforms that deliver energy levels of 150 J (58) reduces the incidence and severity of postresuscitation myocardial dysfunction.
Prompt intervention is highly costeffective if it more rapidly restores spontaneous circulation (59) . Yet when response times are prolonged by the large distances that rescue teams must often travel, the decentralization of resuscitation teams should be considered, including supplying first responder teams with AEDs (60).
VENTILATION DURING IN-HOSPITAL CARDIAC ARREST
The importance of continuous, wellperformed chest compressions not only for effective electrical defibrillation after Ն3 mins of cardiac arrest but also for overall survival has been re-emphasized in several laboratory investigations during the last 5 yrs (61, 62) . In contrast, for out-of-hospital cardiac arrest, ventilation as part of initial life support is of lesser importance (63) (64) (65) . Management of cardiac arrest is time-sensitive (66) and it is likely that in the first 5 mins after the onset of cardiac arrest of primary cardiac cause and presenting as ventricular fibrillation, ventilation is likely to be of no benefit. Accordingly, Spearpoint and colleagues (67) documented favorable outcomes for IHCA patients in whom electrical defibrillation was prompt and no mechanical ventilation was provided before defibrillation. Experimental evidence supports the notion that even during prolonged states of hypoxemia, the need to maintain adequate perfusion takes priority over ventilation (68, 69) . Nevertheless, there is as yet appropriate concern that after prolonged cardiac arrest, artificial ventilation cannot be discarded as an integral component during resuscitation from IHCA.
PREVENTION OF CARDIAC ARREST
Although the NRCPR provides data that justify some optimism of better outcomes after in-hospital cardiac arrest, there are disproportionate resources used with equivocal benefit, typically at the end of life. The likelihood is that the effectiveness of CPR may be improved without major increases in cost by securing early response by appropriately trained rescuers (59) . At present, the total cost of each life saved by CPR is estimated to exceed 400,000 U.S. dollars (70) . When this huge cost is put into perspective, there is a large cost of failed CPR and, more precisely, disappointingly low yield of meaningful survival.
As the late Professor Peter Safar (71) pointed out as early as 1974, "The most sophisticated Intensive Care Unit may become an unnecessarily expensive terminal care facility when we fail to recognize the terminal course of patients who are critically ill or injured." The focus is therefore on prevention of cardiac arrest. Early warnings of imminent arrest including altered breathing, pulse rate, and consciousness in the absence of a fatal disease deserve early monitoring and intervention in a critical care setting (72) (73) (74) . Failure to intervene promptly is to invite preventable cardiac arrests (75) (76) (77) (78) . However, it is a reality that some patients are transferred too late from general wards to intensive care units to reverse the risk (79 -81) .
LOOKING TO THE FUTURE
We stress the key role of professional nurses in preventing cardiac arrest. The decreased availability of highly skilled professional nurses, especially in the United States, translates into more dilute patient-to-nurse ratios and higher incidences of death (82) (83) (84) . The critical shortage of well-trained critical nurse specialists and the resulting lack of available critical care beds often delay timely transfer and early recognition of warning signs and therefore the prevention of imminent cardiac arrest.
We therefore return to the issue that prompted this contribution: Is there appropriate and adequately trained professional staffing and equipment to improve survival from in-hospital cardiac arrest? We conclude, "Not yet!" The problem is multifactorial and includes not only medical decision making but also educational, technical, financial, and legal constraints. The professional consensus provided by the current guidelines themselves have limitations, both for medical decision making by the individual clinician and communicating some insecurity with the mandates based largely on consensus. Yet there is increasing opportunity for improvement both by the hospital and by the provider. Aggressive treatment strategies in appropriately defined patients may include extracorporeal membrane oxygenation, cardiopulmonary bypass, extracorporeal assist devices, or internal cardiac massage (85) (86) (87) (88) (89) . Although these highly invasive procedures are promising contenders in the arsenal of potential treatment strategies, they require proof of improved outcomes. Yet the promise of more favorable outcomes prompts us to emphasize the need for both research support and a regulatory climate for pursuit of such clinical research.
A larger investment in research on CPR followed the American PULSE initiative (90) . We also anticipate advances guided by data from the NRCPR (18). We acknowledge the promise of improved outcomes. We witness an increasing resource of objective knowledge that triggers better management and advanced technology for better CPR in both inhospital and out-of hospital settings.
CONCLUSIONS
What is therefore apparent, in our view, is that both prevention and management of cardiac arrest within the hospital may be improved. Early recognition of the risk of cardiac arrest and early transfer to monitored beds that provide skilled life support by professional medical and nursing staffs with the capability to respond immediately mitigate the risk and the need for CPR. In hospitals in which established and competent cardiac arrest teams have prolonged response times and especially when units are remote, decentralization of CPR with emphasis on the capability of local first responders who may be equipped with AEDs deserves consideration. Although the guidelines are subject to change, the basic elements of CPR incorporated in the chain of survival have stood the test of time. With as yet disappointing outcomes, the challenge is large but, in our opinion, improvements in outcome are achievable. 
